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Recap: simplified models

Simplified models are models meant to describe physics Beyond the Standard Model
(BSM). Contrary to a “full” model like supersymmetry, however, they only introduce a small
number (2 or 3) of new particles, allow them to decay only in one specific channel. They are
meant as a tool, or a “abstraction interface” for a theorist to the results of the searches of
CMS and ATLAS.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-012/index.html

Recap: the Idea behind
SModelS

Speed

SModelS confronts theories beyond the Standard
Model (BSM) with LHC search results by decomposing
full models into their simplified models topologies, and
comparing the cross section predictions of these
iIndividual topologies with a database of SMS results.
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Recap: How SModelS

works
1) Decomposition of a fundamental model

Input: SLHA file (mass
spectrum, BRS) or
LHE file (parton level)

SLHA or

LHE input Currently the model

must have a Z,
symmetry

The decomposition
produces a set of
simplified model
topologies (dubbed
“elements”)

Decompose



Recap: How SModelS
works

2) Description of the topology In the SI\/IodeIS
formalism

= [T LIL 0] ]

([[M7,Mg,Ms],[m1,ma]])

o = [[I"07]
Each topology is described by: We (currently) ignore spin, color, etc of the
- Topology shape + final states BSM particles
- BSM masses _ _ |
. 0 xBR It is model independent, there is no reference

to the original model



Recap: How SModelS

works

3) Comparison of predicted signal strengths
with experimental result:

- Upper Limit Results:
Predicted signal strength = o0 x BR

Experimental result: o,

Experimental
Analyses

T, - Efficiency Map Results:

- Predicted signal strength = o x BR
X €
Experimental result: o, =N /L from

expected(BG), error(BG)

.......
................

observed’

- r=predicted / o,

- Model is excluded if most
constraining analysis hasr > 1

Sum Weights Compare

with
Upper Limits



SModelS v1.2.2

Code and database v1.2.2 released end of
november 2018. Most important novelties in v1.2.x
are:

* Can now deal with Heavy Stable Charged Particles
and R-Hadrons (before we could only treat prompt
sighatures with “missing energy” final states)

* Combination of signal regions exploiting the
simplified likelihoods introduced by CMS

* Much larger database of experimental results
(almost 100 analyses)



Heavy Stable Charged
Particles and R-Hadrons
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In v1.2.x we make use of the “promp” and “detector stable” fractions of a meta-
stable BSM particle, but not displaced signatures.

Starting with v1.2 we make our first moves towards signatures other than
missing energy: we can now treat R-Hadrons and Heavy Stable Charged
Particles (HSCP), but not yet “displaced” signatures (i.e. BSM patrticles
that decay inside of the detector but outside of the beampipe.



Heavy Stable Charged
Particles and R-Hadrons

For v.1.2.x we had to extend
our decomposition procedure,
and compute the fractions of
BSM particles that decays
promptly, and the detector-
stable fractions.
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Combination of signal
regions

We can now make use of the simplified likelihoods published by the CMS collaboration
to combine signal regions into a single joint likelihood for an analysis. Previously we
could only make use of the “best” signal region, which is much less constraining.
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simplified likelihood v1: the combined likelihood is modeled as multivariate Gaussian for the
nuisances and one Poissonian for each signal region. A few CMS analyses published
covariance matrices.
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A note on likelihoods

How can we communicate full likelihoods efficiently between experiment and theory?
(The theorists cannot be expected to know too many details about the nuisance parameters.
The experimentalists need to feel comfortable about the information that they hand out.)

By now, we have a few proposals on the table for analyses with multiple signal regions:

Simplified likelihood, v1: All nuisances summarized in a single “all enveloping” multivariate
Gaussian that “connects” all signal regions (which are Poissonian counting variables):
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Simplified likelihood, v2: a skewness term is added to allow for
asymmetrical distributions. to appear as:
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PyHistFactory: the likelihood as a binned histogram, in a
JSON (c.f. Lukas Heinrich’s talk yesterday and in the last
workshop)


https://cds.cern.ch/record/2242860
https://arxiv.org/abs/1809.05548

To elaborate a bit on the differences between simplified likelihood v1 and
v2, and the full likelihood, here is an example:
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Plot taken from: JHEP 021P 1018 (arXiv:1809.05548)



Simplified models

The current database v1.2.2 has results for 76
different simplified models.

Currently, we do not care about the guantum numbers of the BSM patrticles other than their
masses (thats why the BSM particles are unspecified in the graphs above). Currently

we are still restricted to models with a

Z, symmetry.


https://smodels.github.io/docs/SmsDictionary

Simplified models

The current database v1.2.2 has results for 76
different simplified models.

Currently, we do not care about the guantum numbers of the BSM patrticles other than their
masses (thats why we the BSM patrticles are unspecified in the graphs above). Currently
we are still restricted to models with a

Z, symmetry.


https://smodels.github.io/docs/SmsDictionary

# | ID pretty name Topologles Type

I \I LAS-BUEY-H15-01 T hfete + Fr I T20h ul
2 single | stop 1 T2t ul
single | stop 1 T2t off
3 01's + 246 jets + Er 2T, T2 eff
i Jots + 2 88 s or ==34 1k 1 Tirtn ul
5 2850 3 1% + jets + Fr B Ttfoff]en, Tieetoff). . ul
6 2 oppesite skgn 's + Fr 2. TILLW Wofl], T2tt[off]... ul
T Elops Lo 5laus 1: TAbumtaubimitan. . ul
& ==2¢ jots + K1 1 ul
9 - "[]lla—-i-i- 2055F I's + Fr 2: 1 ul
1) I T multi-l EWE seare les 1 TOWE ul
1 ME-105 | 255 s + 1 jets + Kt 1 Tl ul

12 CHNE-166 | L1+ A(1 be)jets + Ep 1: T2 ul 130

13 01's + 2 h-jets + Er L THl W W ol ul 12.8

14 285 1's + (-3 bejots + Fr 10 Tibibi, Tttt ul HLT

15 01+ 6 (2 e)jets + Ex 1: Tan ul 5

01+ 6 (2 be)jets + Er 21: Tihbbhb, Tibbht... eff H5

16 | JONF-20 13025 =1 b=)jets + 2, 3 5F05 I's + Er l' ] ul H.T

17 | AT JONF-201 3035 + KEr 2: ul HLT

18 . (1 b-)jets + Er L [‘Jll ul .7

i1 bejjets + B 18: Tilbbb, Tihbhe.. eff LT

19 01's + 246 Jets + Fr & T THSWWalf].. ul 3

i 's + 246 jets + Fr 24: T1, T1hbhh, Flljhljl afl H).3

) 21's + [lr)jets + Fr 20 TILLW W, Thh bW Well). . ul A

21's + [hjjets + K1 11 Tilbte, Tibtht. .. eff HA

21 2 1's (e,mm) + Fr 1: TSlepSlep ul )3

2 i's + 2 hejeis + K 1: T2hhb ul )1

(th—2|1 -jets + B 17: Tibbbl, TILbLt... afl NS

) T-10 Jets + Er 24: T1, T1hbbhb, Tihbbt... eff 3

] i-jets + K A Tibbbb, Tlhtht... ul Al

3 hejets + K 21: Tlhbbb, T1hbhE... eff 1

5 11+ jeis + Ky 21: T1, Tibbbb, Tihbbt... afl H).3

6 215+ [IrJlets + Er 2 Th, THLEW W ul 3

7 21's (emm) + K 1 THW W ul A

28 114+ 2 bejets + Er I: TCLWH ul H.3

11+ 2 bejets + Ep Gi: Tlhhbt, '[‘Jhl [‘Jll... afl H).3

i) 01's + 246 jets + Er 5 ul A

Jets and met 1: i aff A

0 T-10 jets + By 1 Tltttt ul )3

T-1i) jets + K & Tibbbh, Tihibt... afl H).3

3 01's + 2 bejets + Er 2 T2bh, TELLWW efT]... ul il

0 's + 2 bejets + Ev 1: T2hh aff Al

32 £+ bejets + Er I: THEE ul 3

3 2851's+ Fr 1: Tlitit ul H).3

# 21's [eann) + Er 4 TOMWW, TCRIWE... ul A

21's (e,mm) + K1 A TOMWWofl], TCpChimSlepSm... aff A

3 F1's (e, tan) + 1: TOWChipmSlepL... ul )3

46 11+ 41 bjets + Er 1: T2t ul ).

L1+ 401 W)jets + Er 1 Tht eff A

aT 01+ 6 (2 be)jets + B 1: Tht ul ERE

01+ 6 (2 beljets + Er 1 T2t off 2.1

B 1 1'6 + == 3 bhjets + Er 2 Tlbbbh, Tiret... ul 1

k1 1'e + == 3 bhejets + Kt 2 Tlbbbb, Tttt afl )1

3 208 I's + [b-)jets + K 2 TELW W, T2t ul 3

1] monsjet or e jet + Fp 4 T2bb, TIHLWW el eff 2.3

1| 8 2 11+ 2 hejets (or 2 78) + Fr 1: TOLWH ul 2.3

12 | ATLAS-SUSY-2010-08% | >= He-)jets + Fr 1: TSeharm off 2.4

We collect the results of the experimental collaborations,

and augment them with recast analyses (MadAnalysis5,
CheckMATE), creating our own efficiency maps. In
addition, fastlim kindly allowed us to also use their
efficiency maps. SModelS v1.2.2 ships with results of
almost 100 different analyses.

# | ID pologies
1 [ CME-PASEXO-16-00H I p search 4 THRCPAIE, ThHadGAIIL... ul (K]
ChE-F, \‘u—[— KO- 16 (M lge p search & THECPMIb, THSCPAM2h... aff 13

= djets + Fr, HT, HTmis 2 T1, Tihbhh ul 13

Jets + Ep, HT fir T1, Tibbbh, Tive|off].. ul &

Jets + Ep, MTZ2 s T1, Tibbbh, Tiven|off].. ul 13

== 1 jeot + Ky, o4 1: Tibbhh, Tint[off]. . ul 13

Jets + 11 L Tkt fofl] ul 13

== 315 + Kt L Tttt hof] ul 1%

soft |, <=1 jeis 2 TEhWW foff |, THLLWW off ... ul 1%

! lf=ik2-age | soft |, <=2 jets & T2 WW -::ﬁ THELWW c:-ﬁ . el 1%
L | CS-F T multi-l EWK seacles 2 TCWIWE, TCLIW, Zoff]... ul 14
1|« '\I"\-E'\["'\ 152 multijets + Ev, HT AT Tibhbl, Tlllll:c:-ﬁ:... ul 1%
12 | ChIS-S1UE-15-008 254 L T1itt o] ul 13
13 | OMS-SUS-16-042 Shottom and compressed dop 3 T2bh, T ul 1%
14 | CRIS-S1US-16-0003 L + jeta + K1 i TL, Tlhbhb, T1it[off]... ul 13
L | CRIS-S1US-16-0001 255F I'n 2 THEE, TOWWE ul 13
16 | CRIS-S1S-16-0005 25518 7o Tietfoff], TEWW off]... ul 13
1T | CMIS-S1US-16-0005 0L + jets + K1 & T1, Tihbbb, Tittu oﬂ:... ul 13
18 | ChIS-S1S-16-007 IL + jets + Bt with kL A Tl fofl], Thttf ]t ul 13
19 | CMS-SUS-16-0089 =l EWK seamlses S TOWC S e pl... ul 1%
H | CME-SUS-16-011 multi-ls + jots + Ky G TLikttfof], TEHHLL. ul 13
2| CME-SUS-16-012 IL + jets + K 2 Tliett -::-ﬁ CHWW -::-ﬁ ul 13
22| CMIS-5US-16-013 EWH WH 1: TCLIWH ul 13
| OMS-SUS-16-001% Shottom to bBHEH amd H — 44 & THbLHH, TCWH... ul 1%
2| CRIS-SUS-16-016 G+ B 2 ul 13
5 | CRIS-SUS-16-047 4+ HT +: . ul 13
M | CMS-SUS-16-049 Al laedronnde stop 10 Tlee, T2, '[‘Jll.oﬁ'. . ul &
27 | CMS-S1US-16-00) 0L + top tag 1: Tl foff], [‘Jlloﬁ' ul &
28| CMIS-SUS-16-051 1L stesp + T c:-rf THL LW W.. ul 1%
| CMIS-BUS-17-001 Srop search in dil + jets + B 2 T2 [off], TEhLW “- ul 13
A0 | CAIs-ERC- 1200 I p searcl 4 THRCPAITE, ThRHadAIT.. ul E)
A1 | O 1= I p search & THECPMibL, THRCPMZh... aff A
&2 multl-l + G TCChipmSlepl... ul A
a3 315 [+Hets) + B 1: Tliett ul a
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4 1 (2 e )jets + Fr | 1t 'l"l.llll:-::-ﬁ: ul H
1 (He)jets + Ep | L TLE o] aff 19.7 -

M 1-2 hejets + By, M-T 1: T2hh ul 19.1 A
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| \|‘1-;‘1["1 12424 01's + == (1 )jete + ET L Tl fof)] ul 19.4 A
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A0 | CMS-51U5-12-0028 jets + E1, a7 5 TL, Tibbbb, Titu.. ul £
A1 | CRIS-S1E-1 3002 315 [+Hets) + B L: Titett ul A
12 | ChIS-S1E-134004 I bejot + Fr, Rasor A Tibhbh, T it fof]. ul A
13 | ChIS-S1S-13-0006 [-'\.\ prod, te I's, W E asd H S TOChipmSlepl... ul A
4| CME-SUS-13-007 11+ ==2h-jets + K1 3 Tittttfofl], Tttt ul 8
CME-SUS-1-007 L1+ ==2h-jets + Er L Tittt o] eff &

15 | ChIE-S1US-134011 L+ 1 [1b=)jets + Ev 3 T2t [off], TLLW Wofl)... ul a
CMIE-BUE-134011 L+ 1 [1b=)jets + Ev 1: T2t c:-IT eff a

16 | ChIS-S1U5-13-012 jein + HTmiss A TL, Thitttfof].. ul A
CHIE-515-134012 + HTmizs 19: T1, Tihlibh, Flljlljl... aff A

AT | CRIS-SUS-134013 ‘s + [b-ljets + B B Tieeetfofl], THEOWW off .. ul A
CHIE-S1US-134013 31'e + [h-)jets + K L Tl foff| aff A

18 | CRIS-S1UE-134019 = 2 jots + K, T2 fir T1, Tibbbh, Tiven|off]... ul A
1% | CME-S1US-14-010 bejots + 4 Wa L Tkt fofl] ul &
Sl | ONIS-B1U8-14-021 soft s, low i, , high By L T2 W ] ul A

https://[smodels.github.io/docs/ListOfAnalyses
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SModelS - trading in -~ QMade
constraining power for =¥
Speed

In comparison with recasting methods like MadAnalysis and CheckMATE,
SModelS exclusions are more conservative, but much faster. A direct
comparison with an ATLAS pMSSM scan [arXiv:1508.06608] gave us a clue as
to how much more conservative we are, and which topologies we miss out on
(i.e. the analyses are in principle sensitive to, but no interpretations for these
topologies are published).
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SModelS — trading In
constraining power for

Speed
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Ongoing

development:

SModelS v2.0: displaced signatures

We are currently in the validating phase of v2.0. We expect to be able to release v2.0
by this summer. Largest improvement: treatment of all kinds of displaced signatures.

We hope to release before this summer.
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Technology preview:

SModelS v2.0:
displaced signatures

preliminary ATLAS-SUSY-2016-08 (upperLimit)
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Longer term plans for SModelS > v2.1

Our long term plans include:

- Extension of experimental symmetries beyond Z, symmetries: dark matter

models, resonances, ....
Even in v2.0.x we will still be limited to models with Z, symmetries and two-branch

structures (our SUSY legacy)

* Use simple Multi-Layer Perceptrons to speed up the lookup and interpolation of the
experimental results

 allow also e.g. UFO files to describe the input model

* Joint likelihoods for combining analyses
We can trace which analysis results are approximately uncorrelated, and which
arent. Exploiting this information we can compute joint likelihoods for combinations of
uncorrelated analyses. A combinatorial optimizer can find the best (expected)
combination.

* Description of positive results with simplified models
So far we are only treating exclusions — negative results
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Description of positive resu|ts
with simplified models . = . =

So far we are only treating
exclusions — negative results. = 2T
In the long run, we also wantto =~ ¥
be able to describe positive

results with simplified models in N
SModelS. Positive results with b
simplified models are more tricky / *
because the problem of model S
selection becomes non-trivial. greatest
We intend to solve model _—
selection with Bayes factors, grestest
parameter inference with j

likelihood maximization. >

100 7 times K,

experiments greatest

with signal 1

Example on the right: mockup
study, two candidate models 1
(above), and the model selection

outcome, when model #1 is AT
“right”.




http://smodels.github.io
pip3 install —user smodels

Thank you!


http://smodels.github.io/
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